Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit cyclooxygenase (COX) enzymes responsible for the synthesis of prostaglandins that mediate pain and
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1,2 As a result, NSAIDs are commonly used in the postoperative setting for the management of pain following surgery. [3] [4] [5] Traditional nonselective NSAIDs that inhibit both COX-1 and COX-2 are associated with a variety of adverse effects, including impaired platelet function and increased perioperative bleeding and blood loss. 6 Irritation of the gastrointestinal (GI) mucosa is also common and can lead to potentially serious complications of nonselective NSAIDs. [7] [8] [9] While COX-1 is constitutively expressed throughout the body including the stomach, where it plays a role in the protection of mucosal lining, COX-2 expression is mostly limited to sites of inflammation. 2 Thus, the use of COX-2-selective NSAIDs (COX-2 inhibitors) results in an analgesic benefit equivalent to that of nonselective NSAIDs with less risk of detrimental GI effects. 5, [9] [10] [11] [12] More importantly in a surgical setting, COX-2 inhibitors do not affect platelet aggregation and pose less risk for perioperative bleeding compared with nonselective NSAIDs. 13, 14 However, both COX-2 inhibitors and nonselective NSAIDs have the potential to elicit other adverse effects, including, but not limited to, renal failure and impairment, cardiovascular events, and a variety of hypersensitivity or allergic reactions. [15] [16] [17] [18] [19] [20] [21] The COX-2 inhibitor parecoxib is an injectable parenteral prodrug of valdecoxib. Parecoxib is approved in over 80 countries as perioperative analgesia to prevent or reduce postoperative pain and, in some of these countries, it is approved for the treatment of acute pain. 22, 23 It may also be administered in combination with opioids to reduce postoperative opiate requirements. Parecoxib first received regulatory approval in 2001. Thus, a wealth of clinical trial data are available that examine the efficacy and safety of parecoxib in a controlled clinical setting. Postauthorization safety data are available, spanning over 10 years, which examine the use of parecoxib in real-world conditions.
The objective of the current study was to utilize both the large clinical trial and postauthorization databases to summarize the occurrence of predefined safety events, commonly associated with COX-2 inhibitors and/or traditional NSAIDs in patients treated with parecoxib for postoperative pain. Together, these clinical and postauthorization analyses will characterize the safety of parecoxib for the acute management of postoperative pain.
Methods Ethics
Each of the original studies included in this analysis was approved by the appropriate Institutional Review Board, and written informed consent was obtained from all subjects.
Clinical trial registration
The trials in this analysis were performed from 1997 to 2004 and, as such, are not subject to International Committee of Medical Journal Editors registration requirements. However, two studies included in this analysis are registered on clinicaltrials.gov (NCT00636064; NCT00651300).
Clinical trial analysis
Data were pooled from 28 randomized, placebo-controlled clinical trials of parecoxib for the treatment of postoperative pain (Pfizer, data on file, 1998, 2000, [2002] [2003] [2004] . [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Trials were identified from a Pfizer database and were included in the analysis, regardless of outcome, if they were a Phase II or III, randomized, double-blind, placebo-controlled trial. Eleven Phase II or III trials were excluded for not meeting the placebo-controlled or double-blinded criteria. The 28 trials included spanned the years 1997-2004 and included orthopedic (n=11), dental (n=5), general (n=1), coronary artery bypass grafting (CABG; n=2), gynecologic (n=5), cholecystectomy (n=2), abdominal (n=1), and elective outpatient (n=1) surgeries. These studies include all Pfizer-sponsored, randomized, placebo-controlled trials of parecoxib for the management of postoperative pain that have been conducted as of July 2017. Overall, most studies shared similar key exclusion criteria, which included age of <18 years; pregnancy or active lactation; recent or active GI ulceration; diagnosis of, treatment of, or remission from cancer other than basal cell carcinoma in the last 6 months; a history of hypersensitivity to NSAIDs, other COX inhibitors, or opioids; known recent alcohol, analgesic, or narcotic substance abuse; and volume depletion in the opinion of the investigator. All studies prohibited the use of certain medications, particularly analgesics, in the hours (typically, 6-24 h) prior to administration of study medication. Unless part of the protocol or routine preoperative analgesia prohibited medications, many but not all trials included tricyclic antidepressants, opioids, NSAIDs, COX-2 inhibitors, corticosteroids, tranquilizers, neuroleptics, antipsychotics, and antihistamines.
Patient demographics were summarized descriptively according to treatment groups. The frequency of prespecified safety events, commonly associated with the use of COX-2 inhibitors and/or traditional NSAIDs, was calculated and compared between placebo and parecoxib groups using a chi-square test. The relative risk (parecoxib vs placebo) and associated 95% confidence interval were presented for each safety event. These events of interest occur infrequently, and several types of surgical models were included in the analysis. Therefore, in addition to the primary analyses based on relative risk and chi-square comparisons, supplemental 
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Safety of parecoxib for postoperative pain analyses of the clinical trial data were performed to determine the weighted risks for each predefined safety event and the risk difference between parecoxib and placebo groups using a Mantel-Haenszel method adjusting for study. 42 Medical Dictionary for Regulatory Activities (MedDRA) terminology was used to search the clinical trial database for identification of prespecified safety events.
Postauthorization analysis
In addition to the clinical trial data analysis, a review of available postauthorization safety data for parecoxib was also performed. It is estimated that 69,567,300 standard units of parecoxib were sold worldwide from the first quarter of 2002 through the first quarter of 2014. Safety data were derived from a Pfizer database that captures and stores all reported adverse event (AE) information from across the world. AEs are coded to a specific MedDRA term and the database was searched for specific MedDRA high-level terms (HLTs), preferred terms (PTs), or standard MedDRA queries (SMQs) corresponding to prespecified safety issues discussed in this article. The number of medically confirmed cases, along with outcome, through March 31, 2014, was presented for each prespecified safety event. Each individual case was categorized as medically confirmed or nonmedically confirmed based on guidelines from the European Medical Agency guidelines on good pharmacovigilance practices (module VI) and the International Conference on Harmonisation (E2B).
Although physicians report AEs they deem related to parecoxib treatment, there is no placebo for direct comparison in the postauthorization analysis. Further, patients often receive other medications, in addition to parecoxib, that may contribute to the event in question and key information is often missing, including age, dose, and duration of treatment. Finally, medical and surgical comorbidities of patients can contribute to the occurrence of AEs. Because of these factors, it is difficult to definitively attribute these events and their outcomes, including fatalities, to parecoxib. The postauthorization analysis, however, is useful to examine broad trends and identify any potentially serious issues related to parecoxib safety that may or may not have been evident in the clinical trial program.
Results
Patient demographics and exposure to parecoxib in the 28 randomized controlled trials
In total, 3885 patients received placebo and 5402 patients received parecoxib in the 28 randomized controlled trials. Patient demographics in the placebo and parecoxib treatment groups are shown in Table 1 . Exposure to parecoxib during the 28 trials is summarized in Table 2 . The most common doses received were 40, 20, or 80 mg, which were received by 55%, 17%, and 12% of patients in the parecoxib group, respectively. Overall, exposure to parecoxib in the clinical trial setting largely parallels real-world parecoxib prescribing guidelines that recommend a 20 or 40 mg intravenous (IV) or intramuscular dose, followed every 6-12 h by 20 or 40 mg doses, as required, not to exceed 80 mg/day for a typical duration of 3-7 days. 22, 23 Single doses of 1, 2, or 5 
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GI-related events
Prostaglandins play an important role in maintaining GI mucosal integrity by producing mucus, stimulating bicarbonate production, decreasing acid production, and maintaining mucosal blood flow. 43 COX-1 is constitutively expressed in the GI system and, as a result, the use of nonselective NSAIDs poses a significant risk of GI ulceration and bleeding. [7] [8] [9] In contrast, COX-2 is not expressed in the GI system, and the risk of GI-related events is low with COX-2 inhibitors. 13, 14 Indeed, the frequency of GI-related events was ~0.2% in both the parecoxib and placebo groups in our analysis of 28 controlled clinical trials (Table 3) . Additionally, only 35 cases of GI-related events were evident in the postmarketing analysis (Table 4 ). Where an outcome was known (n=23), a majority of patients were recovered or recovering (n=15). Four fatalities were reported in the postauthorization analysis.
Renal failure and impairment
Both COX-1 and COX-2 are expressed in different structures in the kidney and play a role in regulating a variety of renal processes, including salt and water retention/elimination and overall electrolyte balance. 10, 19, 44 Thus, there is a risk of renal failure or impairment with the use of nonselective NSAIDs or COX-2 inhibitors. 10, 15, 19, 44 However, we found that the frequency of renal failure and impairment was low and comparable between parecoxib (1.0%) and placebo (0.9%) groups in our analysis of the pooled clinical trial data (Table 3 ). In the postmarketing analysis, over half (n=41) of all medically confirmed cases (n=77) of renal failure and impairment were classified as recovered or recovering at the time of review (Table 4) . Six fatalities were reported in the postauthorization analysis.
Cardiovascular embolic and thrombotic events
Cardiovascular events have been associated with the use of both nonselective NSAIDs and COX-2 inhibitors. 9, 16, 20, 21 Possible overlapping mechanisms that may explain these cardiovascular effects include increased blood pressure, inhibition of renal function, and reduced production of vasculoprotective prostacyclin in the arterial endothelium as well as alteration of the prostacyclin/thromboxane balance. 45 The occurrence of various cardiovascular embolic and thrombotic events was low (<1%) in both the parecoxib and placebo treatment groups in our analysis of the clinical trial database, which included two trials in CABG surgery (Table 3) . These results are consistent with findings from a previous meta-analysis of the cardiovascular safety of parecoxib in the postoperative setting. 46 Most cardiovascular events have been associated with long-term use of nonselective NSAIDs or COX-2 inhibitors. 
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The low rate of cardiovascular events in the clinical trial database may be due to the short-term duration of the trials and the controlled manner in which injectable parecoxib is administered.
Because the cardiovascular risks observed in CABG surgery patients reflect the unique and highly dynamic prothrombotic and inflammatory syndrome that immediately follows cardiopulmonary bypass, the effects of parecoxib sodium in this population may not represent the effects of parecoxib sodium in surgical settings other than CABG surgery. Indeed, the mechanism of cardiovascular thromboembolic events after CABG surgery is not known and may be different from the mechanism of thrombotic events in other contexts of NSAID use. As a result, CABG surgery is now a contraindication to all NSAIDs, including COX-2 inhibitors.
Sixty-six medically confirmed cases were identified in the analysis of available postauthorization data, with over one-third of patients recovering from the event and nearly one-third associated with a report of a fatality (Table 4) .
Hypersensitivity reactions
Hypersensitivity events, including anaphylactic reactions, angioedema, and allergic reactions, during and after surgery may arise from a number of causes, including the use of antibiotic treatments or perioperative analgesics, such as NSAIDs. 17, 18 The frequency of anaphylactic reactions was similar between parecoxib (8.7%) and placebo (8.6%) treatment groups in the analysis of clinical trial data (Table 3) . Hypotension may result from the sudden release of relatively large amounts of vasoactive substances, such as histamine, from cells involved in acute hypersensitivity. The frequency of hypotension in the analysis of clinical trial data was 2.6% for the parecoxib group compared with 2.1% for placebo (Table 3) . A majority of the cases of hypotension group were categorized as mild to moderate in severity, with only 0.2% of patients experiencing severe hypotension in each treatment group. Only 32 medically confirmed cases of hypotensionrelated events were identified in the postauthorization analysis, with 23 cases classified as recovered or recovering. Three fatalities were reported in the postauthorization analysis ( Table 4) .
The frequency of angioedema, including edema of the face, lips, genitalia, throat, and other structures, was similar between parecoxib (2.5%) and placebo (2.8%) groups in the clinical trial analysis (Table 3) .
Severe cutaneous adverse reactions, such as erythema multiforme, exfoliative dermatitis, and Stevens-Johnson syndrome, are believed to be T-cell-mediated delayed hypersensitivity reactions. 47 In some individuals, reactive metabolites of a drug combine with healthy tissue and incite a pathoimmunologic response that eventually leads to autoimmune 
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Schug et al attack on the skin, with epidermal necrosis. No instances of severe cutaneous adverse reactions were reported in either the placebo or parecoxib treatment groups following analysis of the clinical trial database (Table 3) . Seventeen medically confirmed cases of severe cutaneous adverse reactions were identified in analysis of the postauthorization data, with a majority of subjects (n=10) having recovered or were recovering from this reaction (Table 4) . Two fatalities were reported in the postauthorization analysis.
Masking signs of inflammation
Postoperative patients will experience inflammation while healing from incisions and invasive procedures that allow entry of pathogens. By reducing pain, fever, and swelling from inflammation, NSAIDs may delay recognition by patient as well as health care providers of a nascent infection capitalizing on the trauma of surgical incision. Thus, a diagnosis of infection may be delayed. Incision site or other skin/tissue infections, however, occurred in <0.1% of patients in both treatment groups in the analysis of parecoxib clinical trial data (Table 3) . Likewise, only 18 medically confirmed cases were reported in the postauthorization analysis, of which 8 were classified as recovered or recovering. Four cases were associated with the report of fatality in the postauthorization analysis (Table 4) .
Supplementary analyses of the clinical trial data
Overall, the results of the supplementary analyses of the clinical trial data support the primary analyses demonstrating that the occurrence of most predefined safety events is low and comparable between the parecoxib and placebo treatment groups (Table 5 ). When adjusting for study, the only risks that differed between treatment groups (parecoxib vs placebo) in a statistically significant manner were those for renal failure and impairment and for hypotension.
The weighted percentage of patients reporting renal failure and impairment was 1.3% for parecoxib and 0.6% for placebo (risk difference=0.635; 95% CI=0.226, 1.044; p=0.002). The category of renal failure and impairment comprised six specific events. The occurrence of these events in the parecoxib groups was as follows: oliguria (n=33), renal impairment (n=11), renal failure (n=7), acute renal failure (n=2), anuria (n=1), and pre-renal failure (n=0). Of these six 
Discussion
Nonselective NSAIDs that inhibit both COX-1 and COX-2 are effective for the management of pain and inflammation but have been associated with a variety of unwanted, potentially serious, side effects. Inhibitors that specifically target COX-2, such as parecoxib, have been developed to reduce the potential for some of these side effects. Specifically, an advantage of COX-2 inhibitors is their reduced potential for serious GI ulceration and bleeding compared with nonselective NSAIDs. 12, 13 Specific GI-related events occurred in ~0.2% of parecoxib-treated patients in our analysis of 28 randomized controlled trials, confirming parecoxib's low GI toxicity profile. This profile compares favorably to other injectable, nonselective NSAIDs such as ketorolac, tenoxicam, and dexketoprofen. Both tenoxicam and dexketoprofen exhibit an intermediate risk for GI toxicity. 48, 49 Ketorolac, one of the most widely used NSAIDs for postoperative pain, is among the most GI toxic of all NSAIDs. [48] [49] [50] Indeed, a headto-head study demonstrated that parecoxib has significantly less GI toxicity than IV ketorolac in healthy elderly subjects. 51 In addition to low GI toxicity, our primary clinical trial analysis demonstrates that the risk of other specific prespecified safety events, commonly associated with COX inhibition, is low with parecoxib. Such events included renal failure and impairment, cardiovascular embolic and thrombotic events, a variety of hypersensitivity reactions, and masking signs of inflammation. Supplemental analysis of the clinical trial data, adjusting for study, generally supported the primary analysis but a statistically significant difference between the parecoxib and placebo treatment groups was evident for renal failure and impairment and for hypotension. However, the specific event under the category of renal failure and impairment that was most commonly reported (and the only one significantly different from placebo) was that of oliguria. More serious events such as anuria, renal failure, or pre-renal failure were not different between treatment groups. Likewise, though there was a significant difference between treatment groups for hypotension, a majority of these events in parecoxib-treated patients were classified as mild or moderate in severity, and the proportion of patients reporting severe hypotension was the same in both treatment groups (0.2%).
These findings were supported by our analysis of the available postauthorization data. For nearly all predefined events, <100 cases were reported over the 13-year evaluation period in which nearly 70 million units of parecoxib were sold. Additionally, among reports with known outcomes, a majority of patients were classified as recovered or recovering from these events. As discussed in the "Methods" section, however, the postauthorization analysis is limited in that it is difficult to definitely attribute AEs and outcomes, including fatalities, to parecoxib due to the lack of a placebo comparison and the absence of certain data on a case-by-case basis.
Parecoxib is administered over a short period by a trained professional in a highly controlled setting, such as a hospital or surgical clinic, which likely contributes to the scarcity of potentially serious AEs in parecoxib-treated patients in both the clinical trial and postauthorization databases. This underscores the importance of following local labeling guidelines to avoid use in contraindicated patient populations, such as patients undergoing CABG. A complete and accurate evaluation of patients should be performed prior to administering parecoxib to identify patients who may be at risk for the safety events discussed here. The patients most at risk for GI-related events, for example, are the elderly; patients with cardiovascular disease; patients using concomitant aspirin; patients with positive Helicobacter pylori status; patients with a history of, or active, GI disease, such as ulceration, bleeding, dyspepsia, or inflammatory conditions; patients prescribed NSAIDs; patients using multiple NSAIDs; or patients using concomitant prescription drugs, such as corticosteroids and anticoagulants. However, the risk factors for GI ulceration events and their interaction with parecoxib have not been studied in clinical trials. Likewise, patients with a creatinine clearance <30 mL/min and patients predisposed to fluid retention may be at risk of worsening of renal function and, as such, parecoxib should be initiated at the lowest recommended dose and the patient's kidney 
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Overall, the data presented here demonstrate that potentially serious safety events associated with COX-2 inhibitors and/or nonselective NSAIDs occur infrequently with parecoxib when administered in a controlled setting according to prescribing guidelines and thus highlight the safety of parecoxib in patients with postoperative pain.
